In this paper, a reasonable ecological value evaluation system for the ecological environment of a university campus was established based on fuzzy analytic hierarchy process (FAHP). The system contains 2 criteria, 13 factors and 55 sub-factors. Using FAHP combined with compiling the Mathematica program, we determined the weights of the criteria and factors, which could reflect the human thinking style. In order to verify the system, a model was presented, and the result obtained was regarded as reasonable. The evaluation system and the model can be used in other similar assessments for their feasibility.
Introduction
In recent years, there are many universities which are busy in establishing new campus in China. A great deal of effort has been made for managing construction on ecotype campus. As we know, there are a great number of ecotype campuses, which have been established around the world. They are so-called green campus, which can utilize the resources more effectively than the traditional architectures, in the meanwhile, the environment is cleaner and more beautiful. Generally, the green ecotype campus should possess the features as follows (Zhang, 2006; Conway et al., 2008) . (1) efficient conversion system; (2) efficient circulation system, which contains transportation system, information transmission system, rationally distributed services system, sewerage system and so on; (3) high quality environmental state; (4) Multi-functional three dimensional green system; (5) high level management system.
To develop ecotype campus, we must set up an ecological value evaluating system of the campus, which can guide the developers to establish an ecotype campus. The evaluation on the ecotype campus has been held in many countries around the world, but the problem is that less attention paid on the evaluation of the ecological value or the methods used in the work have some limitations. For example, some scholars finished the evaluation by using AHP (Analytic Hierarchy Process) (Zhang and Zhan, 2004) or FCE (fuzzy comprehensive evaluation) (Han and Zhang, 2003) based on AHP respectively, the methods used can do the evaluation from the quantitative and qualitative aspects, but to some extent, the methods may lose some information of the people's thinking preference.
In this paper, we will evaluate the ecological value of ecotype campus by using FAHP and fuzzy comprehensive evaluation. FAHP was also applied in determining the weights (W A ) of the criteria given by experts.
Fuzzy AHP methodology which is originally based on the concept of fuzzy set introduced by Zaddeh (1965) can handle the inherent uncertainty and reflect the human thinking style. Decision makers usually find that it is more confident to propose interval judgments than fixed value judgments. The reason is that it is difficult to make people's preference explicit in a complex process (Kahraman et al., 2003) . That is the reason why we substituted triangular fuzzy numbers (TFNs) matrix for the pair-wise comparision matrix to analyze criteria measurement and determine the fuzzy consensus problem in assessment.
Theories and Methods

Fuzzy sets and Fuzzy Numbers Definition 1. (Fuzzy sets)
Let X be a universe of discourse, A % be a fuzzy subset of X,such that for all x X ∈ , there is a number ( ) 
, which is assigned to represent the membership of x to A % , and ( ) A x μ % is called the membership of A % (Zaddeh, 1965) .
Definition 2 (Fuzzy number)
A fuzzy number A % is a normal and convex fuzzy subset of , X which implies that 1 ,
Definition 3 (Triangular fuzzy number)
A triangular fuzzy number A % can be defined by a triplet ( , , ) l m n . The membership function is defined as
The addition, multiplication, subtraction and divisions of the triangular fuzzy numbers are expressed as follow: The operations (Zimmermann, 1987) for FTNs are defined as follows:
Defuzzification
Various defuzzication methods are available, one method proposed in articles (Lious and Wang, 1992; Hus and Nian, 1997) is the following.
Where 0 Another method called extent FAHP is utilized recently, which was originally introduced by Chang (1996) . Let
be an object set, and
be a goal set. According to the method of Chang's extent analysis for each goal performed respectively, m extent analysis values for each object can be obtained as the following Step 1. The value of fuzzy synthetic extent with respect to the ith object is defined as
To obtain 
and to obtain
, we perform the fuzzy addition operation of ( 1,2, , )
and then the inverse of the above is computed, such as
Step 2 
it can be expressed equivalently as follow:
Where d 
Step 3. The degree of possibility for a convex fuzzy number to be greater than k convex fuzzy numbers ( 1,2, , )
and M M and and M M
Assume that
Then the weight vector is given by
Step 4. Via normalization, the normalized weight vectors are
where W is a non-fuzzy vector.
Applications
The purpose of our work is to assess the ecological value of university campuses. We choose a university campus in Tianjin, a large city in China, as an example. By using fuzzy comprehensive evaluation based on FAHP i.e., considering all the criteria about the problem, we get a constructive and reasonable result on assessment of university campus The proposed FAHP model to assess the ecological value of university campus is composed of these following steps.
Establish the decision group and collect data
We obtained the data by using synthetical questionnaire and field survey. Thus some data were from the faculty in the university. The other data of some technical sub-factors were obtained by field survey. Considering the different background of knowledge and living experiences, we selected some faculty, some scientists, and some environmental experts to form the panel of evaluation.
Develop a hierarchical structure of the assessment problem
According to characteristics of campus, the evaluation system of the ecological value is divided into target layer, criteria layer, factors, sub-factors, and thus a four-level-hierarchical model is devised (Table.1 ). In the model, the target level is the ecological value of university campuses, the goal is divided into two main criteria, which are natural ecological value and socio-ecological value, many factors of the two criteria are considered in order to measure the two criteria.
Determine the relative weights of each criterion by using pair-wise comparision matrixes
The triangular fuzzy numbers are used to present the fuzzy opinions. The fuzzy scale (Kahraman et al., 2006) regarding relative importance to measure the relative weights is listed in Table. 2. After all the decision makers compared the factors with respect to main-factors, we obtained the results. We integrate the weights of the decision makers to obtain the pair-wise comparison matrix by using average weights. The weights of criterion B1 and B2 are 0.7 and 0.3 respectively, which are determined by experts subjectively. Table.3 and Table. 5 are the pair-wise comparison matrix of two criteria of the object. (1/2,1,3/2) (2/3,1,2) Weakly important (1,3/2,2) (1/2,2/3,1) Strongly more important (3/2,2,5/2) (2/5,1/2,2/3) Very strongly more important (2,5/2,3) (1/3,2/5,1/2) Absolutely more important (5/2,3,7/2) (2/7,1/3,2/5) C11  C12  C13  C11 (1,1,1) (2/5,1/2,2/3) (2,5/2,3) C12 (3/2,2,5/2) (1,1,1) (1/3,2/5,1/2) C13 (1/3,2/5,1/2) (2,5/2,3) (1,1,1)
Determine the weights of the criteria and factors
We use the extent FAHP method to determine the weights. Firstly, synthesis values must be worked out. From Table. 3, synthesis values are calculated as in Eq.(3), the calculating process of the weights of the criteria B1 as follow: After calculating the degree of possibility by using Eq. (8) ( ) min (  ,  ,  , 
989 All results are collected in Table 4 .
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Fuzzy assessment
According to the hierarchy of the problem, we should set up a multi-grade fuzzy comprehensive evaluation model. Fuzzy comprehensive evaluation includes the following process: 3.5.1 Determine the factor set, which has been determined in the previous analysis.
Determine the weights of factors by using FAHP.
Using the method described above, similar procedures are carried out to calculate relative importance weight of the sub-factors with respect to factors. The weights of the factors (C01-C12) are shown in Table. 4.
3.5.3
Determine the assessment level, After questionnaire survey, we grade the evaluation system with four levels: excellent (★★★★), good (★★★), moderate (★★）, ineligible（★）.
Determine subordinate relatio, set up fuzzy evaluation matrix
Members in the decision group are required to provide their judgments on the basis of their knowledge and expertise for each sub-factor at the bottom level in the hierarchy. If we denote the membership degrees of excellent, good, moderate and ineligible with respect to each factor by 3.5.5 Fuzzy comprehensive evaluation. The process of fuzzy comprehensive evaluation is mainly the composition of W and fuzzy matrix, the weights of the factors and the evaluation results of the sub-factors level by an expert (or a group) as shown in Table. 4. The steps of the fuzzy comprehensive evaluation are as follows:
Step1. First-class fuzzy comprehensive evaluation For the factors, we obtained: 03 
where 03 C R is the fuzzy evaluation matrix of the factors. o is defined as weighted average. Similarly, we obtain ( 2, ,12) Step 2. Second-class fuzzy comprehensive evaluation The fuzzy evaluation matrices of factors are as follows:
( ) C01  C02  C03  C04  C05  C06  C07  C08  C09  C10  C01 (1,1,1) (3/2,2,5/2) (1/2,1,3/2) (1/2,2/3,1) (5/2,3,7/2) (2/5,1/2,2/3) (1,3/2,2) (2/7,1/3,2/5) (1/3,2/5,1/2) (2/7,1/3,2/5) C02 (2/5,1/2,2/3) (1,1,1)
(1/2,1,3/2) (5/2,3,7/2) (1/3,2/5,1/2) (2/5,1/2,2/3) (2/5,1/2,2/3) (5/2,3,7/2) (1/2,2/3,1) (2/7,1/3,2/5) C03 (2/3,1,2) (2/3,1,2) (1,1,1) (1,1,1) (1/2,2/3,1) (2/3,1,2) (2/5,1/2,2/3) (1,3/2,2) (1/2,2/3,1) (1,3/2,2) C04 (1,3/2,2) (2/7,1/3,2/5) (1,1,1) (1,1,1) (3/2,2,5/2) (2/3,1,2) (1/2,1,3/2) (1,3/2,2) (3/2,2,5/2) (1/2,2/3,1) C05 (2/7,1/3,2/5) (2,5/2,3)
(1,3/2,2) (2/5,1/2,2/3) (1,1,1) (2/7,1/3,2/5) (2/3,1,2) (1,3/2,2) (2,5/2,3) (5/2,3,7/2) C06 (3/2,2,5/2) (3/2,2,5/2) (1/2,1,3/2) (1/2,1,3/2) (5/2,3,7/2) (1,1,1)
(1,1,1) (1/2,1,3/2) (1,1,1) (2/3,1,2) C07 (1/2,2/3,1) (3/2,2,5/2) (3/2,2,5/2) (2/3,1,2)
(1/2,1,3/2) (1,1,1) (1,1,1) (2/5,1/2,2/3) (5/2,3,7/2) (5/2,3,7/2) C08 (5/2,3,7/2) (2/7,1/3,2/5) (1/2,2/3,1) (1/2,2/3,1) (1/2,2/3,1) (2/3,1,2) (3/2,2,5/2) (1,1,1) (2/3,1,2) (1,1,1) C09 (2,5/2,3) (1,3/2,2) (1,3/2,2) (2/5,1/2,2/3) (1/3,2/5,1/2) (1,1,1) (2/7,1/3,2/5) (1/2,1,3/2) (1,1,1) (1/2,1,3/2) C10 (5/2,3,7/2) (5/2,3,7/2) (1/2,2/3,1) (1,3/2,2) (2/7,1/3,2/5) (1/2,1,3/2) (2/7,1/3,2/5) (1,1,1) (2/3,1,2) (1,1,1)
Step 3. Third-class fuzzy comprehensive evaluation:
The third-grade fuzzy evaluation matrix is , where i ω represents the degree of the ecological value of the university campus belonging to assessment class i V , here we chose the weights W A =(0.75,0.25). In order to keep the values authoritative and relatively stable, we invited several experts to evaluate the weights for criteria B1 and B2, and obtained the results by averaging their values. We defined the linguistic variables as follows: H=(h 1 , h 2 , h 3 , h 4 )=(excellent, good, moderate, ineligible)= (1,0.8,0.6,0) .
Then we obtain the comprehensive assessment value M of the ecological value of the university campus. It can be expressed as 0.738
,because 0.6 0.738 0.8 < < , so the result of the assessment is moderate (★★). In order to make the assessment more reasonable, we selected 10 groups to evaluate the university campus and give each group the weight ( 1, ,10) . It is obvious that the calculation of our work is in a large amount, so we complied a Mathematica package to finish all the calculation work.
Conclusions
We consider that people are often uncertain in assigning the evaluation scores in conventional AHP. So we established a model for assessment of ecological value of university campuses based on the FAHP, which can reflect their subjective feelings and objective environmental conditions more comprehensively. The hierarchy in the model contains 2 criteria, 13 factors and 55 subfactors. The method used in our model can be applied to do other evaluations. The result of the model we selected verified that the method we use is feasible. Compared with AHP, the amount of calculation of FAHP does not increase for avoiding calculating the characteristic values and vectors of comparision matrice. Furthermore, the Mathematica program we compiled is of high effectiveness and generability. We can discuss other similar evaluation with FAHP.
